INTRODUCTION
A large variety of implant devices have improved the quality of life of thousands of people every day. The advancement of technology and the development of modern medicine lead to continuous increase of the diversity of biomaterials. By definition biomaterial is any substance (other than a drug) or a combination of substances, natural or synthetic, that can be used for a period of time, independently or as part of a system which treats, augments or replaces any tissue, organ or function of the body. 1 All materials used for fabrication of implants should exhibit a number of properties which do not change after a long periods of contact with the biological environment. This means that the material or its products do not cause cell death, chronic inflammation or damage of the functions of the cells. The requirements to the biomaterials are very strict, due to the fact that in the human body they are exposed to the aggressive effect of body fluids (enzymes, organic acids, etc.) and external factors. It should be noted that human tissue is extremely sensitive to foreign substances and it is possible that they induce symptoms of poisoning and rejection. A number of mechanical properties such as tensile strength, hardness, elasticity, suitable density, wear resistance, etc. are also essential. These parameters correspond to the function that the implant will serve in the organism. For example, a materials used for vessel reconstruction should have high flexibility, whereas, for the making of hip prosthesis the materials should have mechanical strength and high corrosion resistance.
All the above-mentioned considerations show that the creation of biocompatible materials and the construction of implant devices is a difficult task.
CLASSIFICATION OF IMPLANT MATERIALS
According to their function biomaterials can be classified as follows:
Orthopedic (artificial hips, knees, shoulders, wrists, intervertebral disks, fracture fixation, bone grafts), cardiovascular (heart valves, pacemakers, catheters, graft, stents etc.), dental (enamels, fillings, prosthetics, orthodontics), soft tissues (wound healing, reconstructive and augmentation, intra-ocular lens), surgical materials (staples, sutures, scalpels, surgical tools).
According to their interaction with the host tissue they can be categorized into bioinert, bioactive and bioresorbable materials. 2 The bioactive materials evoke a specific biological response and make connections with the host tissue. 3 The inert material has minimal interaction with the host tissue and stays isolated. The resorbable materials are the ones which resorb gradually into the human body. 4 The mechanism of this process is different and varies from dissolution to hydrolysis or even corrosion. 5 While the implant is resorbing a new bone tissue is forming in its place.
According to their nature biomaterials can be classified as polymers, ceramic materials, metals and composites.
Polymers
They are characterized with high molecular weight and long hydrocarbon chains. The technological possibilities in the production of polymers are numerous. This contributes to the creation of various products used for fabrication of implants.
There are two kinds of polymers -synthetic and natural. The natural polymers represent more complex structures. They are not cytotoxic but are often immunogenic. One of the most widely used natural polymers is Collagen I, which can be found in skin, bones and tendons. Synthetic polymers have found their application in orthopedics, dental medicine and as tissue replacements. A big advantage of these materials is the fact that the isotonic physiological solution, which is extremely hostile to medical implants, has little effect on the components of polymer materials. Moreover, there is a slight difference in the elasticity of polymers and bones and this reduces the pressure and bone resorption. A large number of polymers are characterized with high biocompatibility. The main factors, which influence the biocompatibility, are the chemical structure, functional groups and molecular weight. For example, the higher the molecular weight of polyethylene glycol, the lower the protein adsorption. 6 For diethylaminoethyl dextran this increase in the molecular weight leads to a considerable cytotoxic effect. 7 Other properties like wetting ability, hydrophobicity, electrical charge and surface morphology have also great importance. 8 One disadvantage of these materials is the fact that products which are released in the process of polymers degradation can lead to deterioration of their mechanical qualities and unwanted side effects. 9 Another inconvenience comes from the low solidity, excessive elasticity, the risk of fatigue, etc.
There is a wide diversity of polymers with proven medical applications. For example, resorbable synthetic sutures, bolts and bone plates are made of polycaprolactone. 10 Poly-methyl methacrylate has found its application as a main component is bone cement. Poly dimethyl siloxane is used for producing artificial heart valves. 11 Polymer materials are also used in manifacturing sutures, cements, artificial tendons, teeth implants, spacer in intervertebral implants, liner in acetabular cups for hip replacements, carrier for drug delivery, etc.
CeramiC Biomaterials
According to their biological behavior bioceramics follow the standard classification and are divided into three main groups: bioactive (for example: hydroxyapatite, bioglass and glass-ceramics), inert (for example: aluminium oxide, zirconium oxide) and resorbable (for example: calcium phosphates).
From a physicochemical point of view these biomaterials are hard, brittle and insoluble in water. Their advantages are high corrosion resistance, inertness, hardness, low friction, wear resistance, low thermal and electrical conductivity. Furthermore, another very important fact is that they have high biocompatibility. On the whole, the ceramic biomaterials do not cause allergic reactions and do not show signs of cytotoxic effect. 12 Disadvantages of this type of materials are low impact resistance, difficulties in processing and fabrication. 13 The first ceramic material used in medicine was aluminum trioxide with high density. It is still used for fabrication of maxillofacial implants, bone screws for knee prostheses, blades, and other dental implants. It was experimentally proven that anodic aluminum oxide films with low thickness (10-20 microns) are capable of making technical aluminum alloy biocompatible. 14 The first experimental research on the use of zirconia as dental implant was published in the 1970's. 15 Due to its suitable qualities as fracture toughness, increased strength and high biocompatibility, zirconia based ceramics have nowadays extensive use in bone reconstructions.
They can be used as an alternative to titanium implants in dentistry. The colour of zirconia is similar to the colour of human teeth and by using it the blue staining of the gingiva after baring of the titanium implants can be avoided. 16 The Ca-P-based ceramics and hydroxyapatite have a composition, physical and chemical properties which are very similar to those of the bone. These ceramic materials promote the formation of new tissues. They are used mainly as coatings for metal implants, which provide osseointegration.
Bioceramic materials are widely used as bone replacements in hip, knee, dental and maxillofacial reconstructions.
metals and metal alloys
In the year 1895 W. Lane used metal screws for bone fracture fixation for the first time but later some problems like corrosion and insufficient strength occurred. 17 Stainless steel was first introduced as biomaterial in the 1920s. 18 It has the highest level of corrosion resistance of all known materials. The first alloys based on cobalt -CoCrMo and CoCrW were found in 1907 and were first considered to be useful for dental practice due to their resistance in the mouth cavity. 19 Cobalt-based heart valves were implanted in the 1960s and they function in the organism for about 30 years. At about the same time the biocompatibility of titanium screws in bone tissue was found and later it was proved that these materials become overgrown with tissue and therefore are extremely suitable for orthodontics and maxillofacial surgery. 20 The first titan-nickel alloys were manufactured in the 1960s. Their mechanical properties were completely different from the ones of the conventional metals -high resistance, low level of ductility and toughness. Stabilized titan-nickel alloy called nitinol was used for clinical purposes in 1972. The first superelastic NiTi -alloys were manufactured in 1978. 21 There has been a constant flow of innovative materials and aspirations for improving their qualities. The diversity of metals and alloys with medical application is getting wider and wider with the advancement of technology.
Stainless steel 316L stainless steel is a subtype of 316 steel alloy with modified chemical composition. The extra-low carbon content of 316L reduces deleterious carbide precipitation as a result of welding process and the alloy exhibits excellent corrosion resistance around welded areas. Furthermore, this alloy is characterized with inertness, lack of magnetism, toughness and higher ductility compared to titanium due to the hexagonal crystal structure.
Stainless steel has been implanted for many years and this is evidence of its great biocompatibility. Due to the presence of chromium in its composition, a protective oxide film, which sets the corrosion resistance of stainless steel is formed on the surface of the products. This important quality is further developed through the years by adding molybdenum and reducing the amount of carbon. The good ductility of stainless steel makes the producing of orthopedic plates easier.
One of the disadvantages of this material is the high amount of nickel in it (10-14%), which can cause reactions in tissues and dermatitis. 22 In some cases its hardness can cause stress fractures and a delay in the healing process. 23 Stainless steel is used for the making of prosthetic joints, dental implants, cranial implants, load-bearing orthopedic, pacemaker, bone fixation. New types of stainless steel where nickel is replaced with high amount of nitrogen have been developed for decades. 24 The nitrogen is a stabilizer for austenitic structures, which are not ferromagnetic as contrasted with the ferrite and martensitic ones. 25 Some experimental tests show that these new materials possess high strength, high elasticity, corrosion resistance and higher biocompatibility than nitinol. 26 Cobalt-chromium alloys Co, Cr, Mo, W, Ni and Fe is the composition of these alloys enable the fabrication of extremely hard, non-magnetic, wear resistant, heat resistant implants with high corrosion resistance in body fluids. 19 The amount of carbon and the microstructure are controlled in the process of producing of the alloys. They are distinguished for their mechanical strength and greater wear resistance in contrast with the titanium implants. On the other hand, they are characterized with lower biocompatibility. 27 One of biggest disadvantages of cobalt-based alloys is metal ion release in the surrounding tissues after long-term exposure to body fluids. It was proven that due to interactions with the aggressive surrounding environment orthopedic implants undergo dissolution of the material. 28 The metal particles are capable of spreading in the organism and they can also be harmful for different organs. According to some authors, CoCr-nanoparticles show higher toxicity in comparison with particles with micron size. 29 However, according to another research, CoCrnanoparticles are ejected from the organism and there is no solid proof that they cause unwanted reactions in tissues. The effect of these particles onto the living organisms has not been examined in detail yet. 30 The CoCr-implants are mainly used for the fabrication of orthopedic prostheses and in joint replacement devices. Co-based alloys are also used for cardiovascular pacing leads, stylets, catheters and orthopaedic cables. Their biggest disadvantages are the high expenses in manufacture and the difficulties in processing after casting. 19 One solution to this problem is the electrochemical obtaining of CoCr-alloys from highly effective chromium electrolyte 31 , which show better results in in vitro testing compared to the medical steel 32 . There are different methods for surface treatment mentioned in literature, aiming at isolating and protecting these materials such as passivation, electropolishing, covering with hydroxyapatite, nitrogen, titanium, etc.
Titanium and titanium alloys
The most widely used implant materials in this group are pure titanium, Ti6Al4Vand β-titanium alloys. Ti6Al4V, Ti6Al4V ELI and Ti6Al7Nb are alloys with improved strength, hardness and inertness. 33 In biological environment they show great corrosion resistance, biocompatibility, immunological tolerance, etc., attributed to the protective oxide film, which is formed naturally onto the surface due to the oxygen in the surroundings. 34 These materials exceed the stainless steel and the CoCr-alloys in experiments with cell cultures. 35 Another advantage is that they do not cause galvanic corrosion. 36 A big disadvantage of titanium materials is their low wear resistance and the difficulties in the mechanical processing of implants due to their hardness. They do not show antibacterial activity and bacteria can easily stick to their surface. 37 Many previous studies have revealed interesting new approaches in different surface modifications aiming at the creation of antibacterial effect of titanium implants -covering with bio glass, gold, silver, local application of antibiotics or other antibacterial drugs, included in the composition of the coatings, etc. Biochemical approaches such as layer-by-layer deposition of polyelectrolyte films, phage display-selected surface binding peptides and self-assembled DNA monolayer systems are suggested in order to provoke specific cell or tissue response. 38 Nitinol This NiTi-alloy, containing 48-52% nickel is nowadays well-known engineering and medical material. It is characterized with unique qualities -pseudoelasticity and shape memory -which are a result of its specific crystal structure and thermodynamics. They allow the restoration of the shape to its initial shape even after huge deformations and also preservation of the deformed shape to a certain temperature. 39 Compared to other metal materials with a wide clinical application (stainless steel 316L and CoCralloys), NiTi has lower hardness and higher elasticity.
Nitinol is also used in medical practice because of its great biocompatibility which is a result of the formation of an oxide film from TiO 2 on the surface. 40 NiTi shows higher corrosion resistance and histological biocompatibility compared with Ti6Al4V. This alloy is considered to be one of the most perspective ones. However, because of its high nickel content and as a result of galvanic corrosion processes there is some evidence of allergic and carcinogenic reactions which are still being examined. 41 In modern medicine nitinol is used for producing surgical threads, self-expandable stents in vascular and neurosurgical reconstructions, to avoid pulmonary embolism, etc. 42 In many cases NiTi stents are often covered with different kind of polymer material to avoid allergic and carcinogenic reactions.
Magnesium alloys
In recent years, there is a growing interest to these alloys due to their good mechanical properties such as strength, good heat and electric conductivity, biocompatibility, non-toxicity. Magnesium is the lightest of all structural metals and its thickness is close to the one of the cortical bone. 43 The research connected to these materials is based on the idea of creating biodegradable implants. Magnesium and its alloys are notable for their low corrosion resistance and it enables the in vivo degradation of the implants. These materials are stronger than polymers, more enduring and ductile than bioceramics and they are also bioactive. 44 Magnesium implants can stimulate the forming of new bones which is extremely important in fractures. 45 Reactions to the human body like toxicity, allergies, osteointegration are not yet examined in details, but there is evidence of successfully implanted magnesium alloys in fractures without any negative consequences for the patients. There is a growing interest to the modification of the surface of this materials in order to control the pace of biodegradation, their corrosion resistance, biocompatibility and antibacterial activity. In literature are mentioned coatings such as Ca-P, protective oxide ComPosite materials Composites contain at least two materials, different in their nature, working together and forming the implant design. All of the abovementioned materials possess their own characteristics and combining them can lead to a decrease of their disadvantages -brittleness, ion leaching in surrounding tissues, biocompatibility, bone resorption, etc.
These large group of biomaterilas can be classified according to the type of the basic matrix -metal (HA/Ti, HA/Ti6Al4V), ceramic (stainless steel/HA, glass/HA) polymer (carbon/PEEK, HA/ HDPE) or according to their behavior in the biomedium -inert (carbon/carbon, carbon/PEEK), bioactive (stainless steel/Bioglass®, HA/HDPE, HA/ Ti6Al4V) and resorbable (TCP/PLA, TCP/PHB). 47 According to recent literary sources special attention is given to the so-called bioglasses. It is thought that they interact with the tissues at a cell level. 48 Bioglasses represent bioactive materials, whose composition includes SiO 2 , Na 2 O, CaO and P 2 O 5 .
The advantages of the composites are connected to their ability to improve cell adhesion and direct bone fixation. 49 Composites are widely used in medical practice due to the fact that there is a wide variety of materials in this group of biomaterials. The most common composites used in orthopedics are fibre reinforced polymer composites. Polymer matrix covered with composite materials are among the most preferred for manufacturing of upper and lower limbs prostheses. 50 Bioactive composite bone cements are used in dental practice. Composite materials are also used for soft tissues replacements -bulk space fillers, catheters, ureter prostheses, tendons and ligaments, vascular grafts, etc. Due to the lack of magnetism they are also used for production of medical equipment and instruments -surgical clamps, head rest frames, X-ray film cassettes and CT scan couches.
CONCLUSION
This study demonstrates that the developing and modification of the main types of materials used in medical practice is quickly expanding through the years. The aim of the researchers in this scientific field is to optimize the qualities of the biomaterials in order to prevent human health. The requirements to their mechanical, biological and antibacterial properties are extremely high. The surfaces of the used medical devices are in direct contact with the living tissues, therefore, surface modifications are among the most widely used methods for improving their qualities. Some new approaches in this direction are explored with a view to ensure proper functioning, long life and harmlessness of medical devices.
A perfect material which is accessible, easy to work with and biocompatible to the organisms has not been found yet, but the great variety of technological and creative solutions in this direction guarantees the achievement of ever better results.
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